In this paper, an absolute measurements technique for the sub-criticality determination is presented. The development of ADS, requires of methods to monitor and control the sub-criticality of this kind of systems, without interfering it's normal operation mode. This method is based on the Stochastic Neutron and Photon Transport Theory developed by Muñoz-Cobo et al. [1] , and which can be implemented in presently available neutron transport codes. As a by-product of the methodology a monitoring measurement technique has been developed and verified using two coupled Monte Carlo programs. The spallation collisions and the high-energy transport are simulated with LAHET. The neutrons transports with energies less than 20 MeV and the estimation of the count statistics for neutron and/or gamma ray counters in fissile systems, is simulated with MCNP-DSP.
ADS description
A conceptual design of the fast energy amplifier has been proposed by Rubia et al. (1995) [2] at CERN. The prototype design used in this paper consists of a fast neutron sub-criticality facility fuelled with U 233 and Th 232 and which is cooled with liquid lead-bismuth under natural convection. The driving neutron source are spallation neutrons produced by an intense beam (about 11 mA and 380 MeV) proton pulse from a cyclotron. The proton beam is injected in the lead-bismuth coolant slightly above the core centre, which is used as a spallation target for the neutron generation that will be used as source for the ADS (Accelerator Driven System).
The neutron lifetime of this sub-critical system is about 1 s µ and this value depends on the cooling fluid and the composition and geometry of the assembly.
The envisaged k eff values are ranging between 0.945 and 0.985.
The cross-power spectral density
The behaviour of neutrons and gamma rays in a nuclear reactor or configuration of fissile materials can be represented as a stochastic process. Measurements of the fluctuations of the neutrons and also of gamma rays in a system are typically used to characterise the fissile material. The representation of the statistical descriptor by Muñoz-Cobo et al. [1] for neutrons and Muñoz-Cobo et al. [3] for coupled neutron and photon, is applicable for many neutron noise analysis measurements.
In this paper, we have used fission detectors sensitive to neutrons and the formalism used, to determine the noise methodology for monitoring the sub-criticality of the ADS, was developed by Verdu et al. [4] and Muñoz-Cobo et al. [1] .
The cross-power spectral density CPSD 12 (w) between one source detector and system detector will give us the possibility to know the k eff value from the position of the first pole in the phase and Bode diagrams.
From the source probability-generating function defined as:
Where the probability is defined as: The source for the ADS is a proton pulsed beam which has been defined, on the theory and simulation, as a periodic array of Dirac Deltas with period T.
Defining the covariance between detectors D 1 and D 2 by:
And the descriptor used in noise analysis, the cross-correlation function, as the following limit of the covariance function: 
From this definitions and using the adjoint transport equation, it is possible to obtain the CPSD 12 (w) expression from the Fourier transform of (4), given by:
Where the average importance for source neutrons is given by: If Equation (5) is the general equation for an arbitrary source then, the cross-power spectral density for the proton pulsed beam, as described by equation (2), is:
Fourier Transforming the adjoint Boltzman equation, it is obtained:
Where we can expand
, in α modes as follows: 
And satisfying the biorthogonality condition:
Substitution of (9) into (8), and use of equation (10) yields:
From the fundamental mode approximation, we obtain:
Considering (13) the CPSD 12 (w) will be:
Where 1 D n W , is a weight factor that depends on the transfer function of the detector D 1 (source detector).
We note that ) ( The graphical representation of the Equation (14) is showed on the Figure 1 and with data from the simulation as we will show later. 
LAHET + MCNP-DSP
The coupling of both Monte Carlo codes provide an estimator of the time-dependent response, that can be used to design a sub-criticality monitoring system. The LAHET code provides a neutron or/and gamma source to the MCNP-DSP and the final output contains the correlated detector responses in the time or frequency domains.
As described in Valentine et al. [5] , the LAHET file is read by MCNP-DSP as the source for the subsequent calculation, provided the spallation source given at the interaction of the proton beam on the target. MCNP-DSP uses this information to determine the location of the particles in the MCNP-DSP model. MCNP-DSP simulates the interaction for neutrons with energies less than 20 MeV and also the neutron detection.
With the coupling LAHET + MCNP-DSP, we have the capability to simulate a pulsed source which correspond to the conceptual design of the ADS. The proton pulse frequency will be limited by the measurements set-up frequency given by the maximum frequency and the number of bins per block.
LAHET + MCNP-DSP simulator of ADS
Using LAHET + MCNP-DSP we can obtain the CPSD 12 (w) function between two detectors. The detectors location will be given by the users and the CPSD 12 (w) will be dependent on the detectors location. This dependence is related with the higher sub-critical modes and will be more important when the system becomes more sub-critical. α eigenvalue of the system for the fundamental mode, so it will be independent of the numbers of proton pulses per block. In this study the data will be given using one pulse per data block because as we can observe in Figure 3 . The pole location using 1 pulse per data block or 5 pulses is at the same point, but only for 1 pulse, the frequency at the phase equal to 4 π − will give us the exactly value for the break frequency. 
Conclusions
We have analysed in this paper a method to measure the multiplication constant of the FEA system. The method can be used with the accelerator proton beam turned on and is based on the plots of ) ( 12 w Φ versus frequency. We have showed that this CPSD function has a single pole at the first eigenvalue of the system which is related to the sub-criticality value of the fast energy amplifier. The simulations performed with the LAHET and MCNP-DSP codes showed that we can obtain the subcriticality value directly from the plot of the phase of ) ( 12 w Φ versus frequency, looking for the frequency value which has a phase equal to 4 π − . The calculations that we have performed give the correct value of the system sub-criticality with very good precision when we have one proton pulse per block (each block is formed by 512 or 1 024 bins depending on the data acquisition systems). We have observed that the precision of the method becomes poor when the number of protons pulses per block increased.
Also we have also showed in this paper that both, theoretical and simulated results for the amplitude of the CPSD i.e. ) ( 12 w Φ in decibels versus frequency agree pretty well. This prediction is very good in spite of the complexity of the simulation results. This fact tells us that the physical bases of the theoretical results are well established.
